The influence of irradiation by electrons with an energy of 8 MeV, at dose intervals between 10 13 and 2×10 18 el/cm 2 , on the properties of impurity doped, high-temperature superconductor YBa 2 Cu 3− M O (M = Fe, Ni; = 0; = 0 01) ceramics has been studied. It has been established that, as the irradiation dose is increased, the onset temperature of the transition to the superconducting state (T ), and the intergranular weak link coupling temperature between granules (T J ), exhibit an oscillation around their initial values of approximately about 1-1.5 K. This oscillation indicates that the process of radiation defect formation in HTSC occurs in multiple stages. It was also found that the critical current (J ) decreases with an increase of the irradiation dose, and exhibits a local minimum at a dose of 8 × 10 16 el/cm 2 coinciding with minima for T and T J at this dose. It was found that the introduction of Fe atoms to the ceramic decreases T J , while introducing Ni atoms decreases both T and T J ; it is suggested that this is a result of Ni substitution of Cu both in Cu2 plane sites and Cu1 chain sites. The introduction of Ni causes a large change in the intergranular critical current density, J . A critical irradiation dose is obtained (2 × 10 18 ) after which all HTSC parameters strongly decrease, i. e. the superconductivity of HTSC is destroyed. 74.62.Dh, 74.72Bk, 74.25Ha, 74.25Sv 
Introduction
The influence of radiation on the critical parameters of the ceramic and single crystals and layer forms of HTSC (both Bi-and Y-based) have been investigated for a range of irradiations. The results of these irradiation experiments * E-mail: grant@yerphi.am have been documented in the scientific literature as follows: ions [1, 2] , γ-quanta [3, 4] , protons [5, 6] , neutrons [7, 8] , electrons [1, [8] [9] [10] [11] [12] The aim of these experiments is to determine the influence of atomic disordering on the order parameter of HTSC; revealing the symmetry of this parameter is an important step towards understanding the mechanism behind HTSCs [13, 14] . Experiments have shown that irradiation by ions, neutrons and protons causes point and cluster type structural defects in all the sub-lattices of a HTSC, while irradiation with γ-quanta causes mainly point defects in the oxygen sub-lattice of HTSC. Electron irradiation is a powerful tool for exacting useful changes in a material's parameters as it can be used to introduce defects in materials in a uniform and controllable manner, creating point defects at low energies and disordered regions or complex defects at high energies. Despite plentiful data published in the literature, no unambiguous description for the influence of both irradiation and doping impurity on the properties of HTSC has been formulated. The aim of the present paper is to study the effect of electron irradiation on the critical temperature, T , (transition into superconducting state), the critical current density, J , and the width of the transition into superconductivity phase, δT , of YBa 2 Cu 3− M O (M = Fe, Ni; = 0; = 0 01) HTSC ceramics. A further aim of this work is to investigate the role of impurity and HTSC sample composition in these phenomena. A considerable quantity of previously published data has been reviewed in order to compare the obtained results with those already established.
Preparation of HTS samples and experimental procedure
High temperature superconductor samples of varying composition and impurity were prepared using the known solid state technology method of YBa 2 Cu 3− M O (M = Fe; Ni; = 0; = 0 01). The samples had the following dimensions: cylindrical form (diameter 3 mm, length 8 mm) or rectangular (10× 4×1 mm 3 ) form.
The complex magnetic susceptibility χ(T ) = χ (T )− χ"(T ) was measured using a homemade AC inductance bridge working at frequency f =1 kHz, with amplitude 0 ranging between 10 mOe and 20 Oe [16] .
In these experiments the influence of the Earth magnetic field on measured values of the χ were deemed insignificant and all measurements were carried out in the ambient magnetic field of Earth. The temperature of the sample was monitored using a copper wire resistor to an accuracy of approximately 0.2 K. The measuring coil was placed in liquid nitrogen and measurements carried out as the sample was warmed using a heating regime of approximately 1 K/min. Magnetic susceptibility measurements were performed with an accuracy of 3-5%. The onset temperature, at which the sample transitions to the superconducting state, T , was determined by measuring the high temperature inflection point of χ (T ). The low-temperature peak of χ (T ) was used to define the intergranular link coupling temperature between granules, T J , while the intragranular weak link coupling temperature, T was defined by high-temperature peak of χ (T ), see Fig. 1 . It should be noted that T J is very near to the DC zero-resistance temperature of HTSCs and that T is relatively insensitive to the applied magnetic field in comparison to T J . The temperatures T , T , T J and the critical current J , have been measured for YBa 2 Cu 3− M O (M = Fe; Ni; = 0; = 0 01) samples. For each type of HTSC material several series of samples (7-10 in each series) were prepared. The measurements of T , J , and T J parameters for samples were performed with the sample subjected to a sinusoidal magnetic field of amplitude 0 =10 mOe, while to measure the parameter T a field amplitude of 1 Oe was used. The results of the measurements of the superconducting parameters for each of the given series of materials are presented in Table 1 . The J was measured at a temperature of 83 K (as in Fig. 3 ) by choosing an appropriate 0 . Under these conditions the applied magnetic field fully penetrates the sample; this is confirmed by the corresponding peak in the measurement of χ (T ) The J (T ) curve is not presented here as it has already been comprehensively documented in existing scientific literature. Identical superconducting samples were prepared (5-7 pieces of each type) and the temperature dependence of complex magnetic susceptibility χ(T ) = χ (T ) − χ"(T ) at temperatures ranging from 80 to 95 K was measured by a method described in [15] . The critical current for the given T J temperature is calculated from the value of magnetic field amplitude ( 0 ) using the formula [16] :
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Superconducting parameters
Type and series of samples Where R-is the radius of a cylindrical sample (the magnetic field is directed along the axis of a cylindrical sample). The accuracy of measurement of the superconducting critical parameters was approximately 3%, this is reflected in the plotting of the points in all figures. After measuring the appropriate critical parameters, each sample was selectively exposed to irradiation by electrons with 8 MeV energy, and doses in the interval from 10 13 to 2 × 10 18 el/cm 2 at room temperature (T ∼ 300 K) in the air. During irradiation at high doses (10 17 -2.10 18 el/cm 2 ) the sample temperature was no high 100 C. After each irradiation dose, the critical parameters of the sample were repeatedly measured. The process of cooling down to the temperature of liquid nitrogen and making the corresponding measurements of critical parameters required approximately 40 minutes. The radiation depth of electrons with energy 8 MeV in the samples is more than 30 mm, as the samples are only 1-2 mm thick, the electrons pass through the sample uniformly.
Results and discussion
The curves of demonstrating the dependence of the critical parameters after irradiation on the doses are shown in Figs. 2 -4 . At a longer exposures, the process of sample "aging" can be observed; this is covered in more detail later. It should be noted that the samples used were kept more 1 year and their critical parameters differ only slightly from their initial values. It is reasonable to assume that the natural aging process was completed before the experiment was started, and the changes in the sample observed after irradiation should therefore be attributed solely to radiation defect formation. The radiation dose dependences of temperatures of intergranular weak bonds T J formation and the beginning temperature of transition to superconducting condition T for HTS samples YBaCu 3− M O (M=Cu, Fe, Ni; = 0.01) are shown in Fig. 2 . The dose dependences of the critical current J and the transition width between the normal and superconducting phase (δT = T -T J ) are presented in Fig. 3 and Fig. 4 , respectively. is also obvious that the critical temperature is more sensitive to changes in the impurity substitution than to the critical current. All critical characteristics show oscillations around their initial values as the irradiation dose increases. Although these oscillations are small, they are greater than the error in experimental measurements (3-5%). When the irradiation dose increases beyond the critical value of 10 18 el/cm 2 , a sharp reduction of critical parameters is observed.
A comparison of the initial parameters of "pure" HTSC samples used in these experiments with those documented in current literature demonstrates that both the ceramic and single crystal materials used were of sufficient uniformity [12, 20] ; furthermore, the oxygen content of the samples was shown to be optimal with ∼ = 6 9 [4, 18] . The obtained values of δT = 1÷2.5 K coincide with those previously determined for both polycrystalline [4, 19] and pure single crystalline HTSC. Note, that T is defined by the transition from granules into superconductivity and is an intrinsic property of the HTSC sample, conversely, T J which is determined by intergranular properties, is more sensitive to the irradiation of the sample [2, 9] . At low temperatures, T < T J , the weak bonds between superconductive granules define the value of the critical current, J which passes through the sample. The weak bonds are formed on the boundaries of granules containing a large number of non-uniformly distributed structural defects [6, 18] . The intergranular layer is often dielectric in nature [4, 18] . Doping HTSC with impurities introduces structural defects, some of which can act as pinning centers for magnetic vortices. For instance, the Fe atoms with concentrations of < 0 1 are preferably substituted for Cu atoms at Cu1 sites of the HTSC elementary cell; this creates nonuniform distributions of oxygen atoms around Fe atoms [18] . At optimal composition in HTSC materials the O5 oxygen positions are relatively empty; the doping by Fe promotes migration of oxygen from the other sites to these sites. The effect of this is to weaken the Cu1-O bonds and broaden the superconductivity transition (as demonstrated in this work). Doping simultaneously with Fe and Ni atoms leads to a weakening of the pinning force which in turn, decreases T J and J .
During the process of irradiation, first of all, oxygen atoms are displaced from the O1 and O4 positions (because they have lower energy threshold) as a result of ionization and elastic collisions. The displaced oxygen atoms tend to occupy the empty O5 sites, through which they pass into the Cu-O plains [19] . As the irradiation dose is increased the concentration of oxygen vacancies at O1 and O4 positions increases, leading to a decrease in T J and J . Following a further increase of irradiation (by more than 8 × 10 16 el/cm 2 ), the concentration of mentioned vacancies becomes sufficiently high that they can annihilate with intrinsic interstitial atoms, interact together to form multi -vacancy complexes, or diffuse to the boundaries. The probability of one of these three processes occurring is high when the irradiation occurs at high temperature (at 100 C). As a result of these atom migrations, J may increase between dose intervals of 8 × 10 16 to 2 × 10 17 el/cm 2 (Fig. 4) .
The sharp decrease of T J and J observed at very high irradiation doses (greater than 1.2 × 10 18 el/cm 2 ) is due to very high concentrations of radiation defects in Cu(1)-O(1) and Cu(1)-O(4) chains and in the Ba-sublattice, which degrades the HTSC lattice. This assumption is based on the increased probability of Cu atom displacement by a 8 MeV electron at high doees and the effective way in which Cu atom vacancies can strongly scatter charge carriers leading to a sharp decrease in T J and J
The decrease in T and T J is primarily associated with interactions in the oxygen sublattice of the elementary cell while their increase is connected to the degree of sublattice ordering. This experimental fact is important both for scientific interest and due to its implications for finding applications for HTSCs. The results given in Fig. 3 indicate that there are at least two mechanisms of radiation defect formation. A common peculiarity of these results is that T and J have a precisely defined minimum at dose intervals between 5 5 × 10 16 and 8 × 10 16 el/cm 2 . For T , the dose interval at which this minimum occurs is independent of impurity substitution, however, the position of the minimum in J shifts to a low dose range as the impurities are changed.
Conclusion
The following general results have been obtained from the irradiation of YBa 2 Cu 3− M O (M = Fe, Ni; = 0; = 0.01) ceramics by electrons with an energy of 8 MeV at dose intervals between 10 13 and 2 × 10 18 el/cm 2 :
1. It was established that as the irradiation dose is increased, the values of T and T J oscillate around their initial values by approximately 1-1.5 K, indicating that there are multistage processes of radiation defect formation in HTSC. This oscillation behavior continues up to irradiation doses of 10 18 el/cm 2 , after which, the intergranular weak bonds are destroyed and T J strongly decreases.
2. It was found that J decreases as irradiation dose increases and displays a local minimum at a dose of 8 × 10 16 el/cm 2 , coinciding with minima for T and T J at this dose. Doping the sample with Fe and Ni impurities leads to a decrease in the rate of change of J ; it is suggested that this is connected with an acceleration in the formation of stable defects precipitated by the presence of impurity atoms.
3. It was shown that impurity doping influences the critical parameters. The introduction of Fe atoms decreases T J while introducing Ni decreases both T and T J . This is probably connected with the substitution of Cu, both in Cu2 plane sites and Cu1 chain sites, by Ni. Ni introduction has a strong effect on the intergranular critical current J density.
